ABSTRACT. Observed seafloor depths from 12 kHz bathymetry coupled with seafloor spreading magnetic anomalies were used to obtain depth anomalies across the Mid-Atlantic ridge axis between 2 • S and 18 • S. The theoretical seafloor depths were calculated from the plate cooling model and crustal ages depicted from seafloor spreading magnetic anomalies between 0 to 25 Ma. We noticed that the seafloor spreading magnetic anomalies are symmetric with respect to the ridge axis between Ascension and St. Helena Islands, but the depth anomalies are quite asymmetric. The east side of the ridge axis is shallower (∼1,000 meters) than the west side, probably as a result of a thermal upwelling of the lithosphere. We suggest that a mantle plume located on the African Plate, which could represent a larger swell linked to Ascension, St. Helena and Fernando Pó-Annobon Volcanic Lineament, might cause this type of anomaly.
INTRODUCTION
According to the plate tectonics model the new oceanic lithosphere is formed at the spreading center along the mid-ocean ridges (e.g., Le Pichon, 1968) . The upper layer of the oceanic crust generates seafloor spreading magnetic type anomalies that act as a magnetic tape recorder of the Earth's magnetic field as new crust is formed at the ridge axis (Vine, 1966) . Thus, Heirtzler et al. (1968) showed that the age of the oceanic crust can be determined from seafloor spreading magnetic type anomalies.
Once it is formed the young oceanic lithosphere becomes colder and subsides as it moves away from the spreading center. It contracts and thus increases in density. Therefore, if we assume the oceanic regions to be compensated, the depth of the oceans should increase with increasing age (and thus plate density). For any model of the cooling lithosphere, the expected ocean depth can be calculated. Parsons and Sclater (1977) and many others (e.g., Stein & Stein, 1992; Johnson & Carlson, 1992; and Doin & Fleitout, 1996) showed that the age of the oceanic crust can be used to derive theoretical seafloor depths from the cooling plate model. The parameters involved are determined by fitting a theoretical depth-age curve to empirical depth-age data believed to best represent the basin-wide thermal state of the lithosphere. Their simple model assumes a linear relation between the seafloor depth and the square root of crustal age, and, also between the heat flow and the inverse of the square root of the crustal age. Sclater et al. (1971) showed an empirical relation between heat flow and seafloor depth and the age of the oceanic crust.
Thus, the theoretical seafloor depths can be calculated from the age of the oceanic crust and used to indicate oceanic regions that agree or not with the cooling plate model. The seafloor depth anomalies, which mark the difference between the theoretical and observed seafloor depths, can be an indicative of the thickening of the oceanic crust due intense volcanism and/or of the location of the lithospheric thermal anomalies due to hotspots. This paper examines the depth anomalies between the Ascension and St. Helena Islands (Fig. 1) , which has been argued as a long ridge segment influenced by a ridge centered hotspot (e.g., Mello, 1993; Bruguier et al., 2003; Minshull et al., 2003) . There are topographic and geochemical evidences that support a hotspot location in the region: (a) the existence of an anomalous topographic high at the ridge axis (e.g., Brozena, 1986) and (b) the isotopic spikes in the La/Sm, Nd/Zn and Sr/Nd ratios in basalts dredged around 10oS (e.g., Schilling et al., 1985; Fontignie & Schilling, 1996) . However, there are strong geophysical evidences, such as: (a) an anomalous crustal thickness due to intense mantle upwelling underneath the region (e.g., Minshull et al., 1998) and/or (b) a large geographical extension of the hotspot. Thus, this work will focus on the analysis of the seafloor depth anomalies in the region to characterize the existence and extension of thermal anomalies between the Ascension and St. Helena Islands.
Data set
The bathymetric data from the GEODAS (GEOphysical DAta System) were used as observed seafloor depths. The GEODAS is an interactive database system developed by the National Geophysical Data Center (NGDC), which contains bathymetric (including multibeam), magnetic, gravity and seismic navigation data collected worldwide during marine cruises from 1953 to the present. Data sources include US, foreign oceanographic institutions and government agencies. Data quality depends on the accuracy of navigation systems, which is generally good from the 70´s. Figure 2 displays the GEODAS bathymetric track lines between the Ascension and St. Helena Islands. Ship surveys cover the region with more frequency in the interesting area, providing bathymetric data for generating 5 minutes grids and contour map ( Fig. 3 ) all from standard GMT programs (Wessel & Smith, 1998) .
The magnetic anomalies obtained from aeromagnetic surveys performed by the Naval Research Laboratory (NRL) during the Centratlan Project (Brozena, 1986) were used to depict the age of the oceanic crust (Fig. 4a) . The synthetic magnetic model by Mello (1993) was handy to match the observed seafloor spreading magnetic type anomalies (Fig. 4b) . He used the geomagnetic time scale published by Cande & Kent (1995) , assuming a magnetic layer of 1 km with a standard magnetization of 0.02 emu/cm 3 at the ridge axis. Thus, the magnetic lineations in Figure 4a represent, in fact, a given seafloor age (t) that was used to calculate the theoretical seafloor depths.
Calculation of theoretical seafloor depths and seafloor depths anomalies
The theoretical seafloor depth (d) from Parsons & Sclater (1977) assumes that the ridge axis is infinity in the y direction and the temperature of the plate is constant in the same direction. Thus, the theoretical seafloor depth is calculated by the following equation:
where ρ a is the density of the asthenosphere (3.3 × 10 3 kg m -3 ), ρ w is the sea water density (1.05 × 10 3 kg m -3 ), α is the thermal expansion coefficient (3 × 10 -5 C -1 ), k is the diffusivity (10 -6 m 2 s -1 ), T a is the temperature of the base of the lithosphere (1200 • C) and d r is the average water depth at the ridge axis (2.5 km), which was assumed empirically observing the depths of the mid-ocean ridge crests throughout the globe. Thus,
where d is in km and the seafloor age (t) in Ma. The theoretical seafloor depth (d) was calculated for each age (t) from the magnetic lineations in Figure 4a . These data provided a 5 minute depth grid as a function of age. Subtracting this theoretical seafloor depth grid from the observed seafloor depth grid, we finally obtained the seafloor depth anomaly map, which is displayed in Figure 5 .
Data interpretation
In Figure 3 the ridge morphology is essentially symmetric with respect to the ridge axis. The Ascension and Bode Verde fractures zones are the main ridge axis discontinuities within the region, which display right-lateral offset of the order of tenths of kilometers. A rift valley about 3,000-3,500 m deep is observed everywhere along the ridge axis between Ascension and St. Helena Islands, but it disappears between 8 • and 10 • S, where there is an anomalous axial high of about 2,500 m that is associated to remarkable volcanic edifices off-axis. In particular, this region is assumed to be the result of a ridge centered hotspot, somehow linked to the Ascension Island (e.g., Brozena, 1986) .
The magnetic anomalies are also symmetric to the ridge axis, extending from 0 to approximately 25 Ma, as shown by magnetic lineations in Figure 4a . Since each anomaly lineation (isochron) was formed at the ridge axis, each lineation represents the former site of spreading and, therefore, shows the tectonic framework along the time past. The central magnetic anomaly (zero age) fits the rift valley where it exists, while all major offsets of the central magnetic anomaly represent the ridge axis discontinuities of different orders.
The theoretical seafloor depth as a function of age mainly reflects the thermal subsidence of the oceanic lithosphere, especially at mid-ocean ridges where subsidence due to sedimentation is not significant. It also reflects the decay of the heat flow away from the ridge crest and the decay of magnetization due to the co- oling of the magnetic layer as well (e.g., Pariso & Johnson, 1993) . However, Figure 5 shows that the observed seafloor depth on the African Plate is about 1,000 m shallower than theoretical seafloor depth, showing a higher topography over several hundred of kilometers, which do not fit the theoretical curve. Figure 5 also shows a striking asymmetry in depths. The east side of the ridge axis is shallower than the west on the order of 1,000 m. This extends beyond the seamounts on the east side of the ridge, causing a large depth anomaly, probably associated to off-axis hotspot. In fact, this anomaly could be linked to a further south depth anomaly around the region of St. Helena Island. If it is so, Ascension and St. Helena Island as well as many volcanic edifices within this region, including the ridge axis, can be a result of a mantle swell that extends for many kilometers up to the Fernando Pó-Annobon Volcanic Lineament near the African Margin, as we see in Figure 6 .
CONCLUSIONS
The formation of a new oceanic lithosphere is usually modelled as a symmetric process with respect to the spreading axis. But, the thermal structure of the lithosphere underneath the African Plate is distinct from the South American Plate around the Ascension and St. Helena Islands (Fig. 6) . The shallower depth anomalies observed on the east side of the ridge axis between the Ascension and St. Helena Islands is an evidence of an off-ridge axis hotspot located on the African Plate (Figs. 5 and 6 ). This hotspot may actually represent a topographic swell due to a deep mantle anomalous source, which extends to the south to St. Helena and to the east to the African Margin. Rocks collected at the ridge axis between Ascension and St. Helena Islands result from a plume type mantle (e.g., Fontignie & Schilling, 1996) . Geochemical detailed rock analysis of Ascension region and St. Helena should prove a close origin of the mantle source and the same origin of the topographic swell.
Further study on the depths anomalies over a wider region in the South Atlantic is also suggested in the light of South Pacific studies on Super Swells (e.g., Adam et al., 2005) . This should contribute to examine depth anomalies in South Atlantic as well as mantle plumes.
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